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Apart from the fact that chemical based (synthetic) repellents have been discovered to have 
unfavourable effects on man and livestock, they are expensive, non-biodegradable and no longer 
efficient due to adaptation of mosquitoes to them. With these shortcomings, an eco-friendly plant 
based insecticide as an alternative is urgently needed. This study was based on using the oil extracts 
from local leaves namely: Hyptis Sauveolens, Mentha spicata, and Cymbopogon citratus leaves as 
mosquito repellent. The leaves’ oil extracts were screened for the presence of phytochemicals 
(secondary metabolites only). The phytochemical screening result showed that leaves’ oil extracts 
contained flavonoids, tannins, phenols, steroids, terpenoids, saponins, glycosides and 
anthraquinones. Different concentrations of the oil extracts were incorporated into the formulated 
body lotion/body cream. The lotion with the highest concentration of the oil extract (0.6 ml) had 
the highest repellence time lasting up to about eight (8) hours. The leaves’ oil extract was analysed 
using Gas chromatography- Mass spectroscopy (GC-MS) to identify the chemical composition, and 
only major chemical components were reported in this work. 
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Introduction 
Mosquitoes are blood-sucking insects which are carriers of deadly diseases such as malaria, yellow fever, Zika virus and 
dengue fever [1]. Mosquito-borne diseases cause mortality and economic burden on man [2]. Major source of illness or death 
worldwide is diseases spread by mosquitoes [3]. More people die each year from mosquito-borne diseases than from any other 
single cause diseases e.g. Malaria Filariasis (disease transmitted by Brugia malayi and anopheles mosquito), Encephalitis (this 
is a viral disease spread by fully grown female mosquitoes, a species of Aedanine and culcine) and Yellow fever [4].  
Plant essential oils, especially leaves’ oil extracts have been used to a great extent for many years because of their antimicrobial 
quality and pharmaceutical products [5]. They have also been widely used as a medicinal and aromatic plant since the ancient 
times. Previous investigations reported that various plant extracts have displayed mosquito repellence activity especially 
larvicidal effect on C. pipiens, C. quinquefasciatus, A.aegypti A. stephensi and Aedes tesselatus [6]. Many essential oils and 
extracts obtained from various plants have been tested on different kinds of arthropods and confirmed viable [7]. Literature 
revealed that plants, flowers, roots, leaves and seeds contain some active ingredients which are known as Essential oils. Many 
of them are odoriferous while some are volatile and ethereal which can be extracted with ether, an organic solvent) [4].  
N, N-diethyl-3-methylbenzamide (DEET- synthetic repellent) is the most striking and best studied insect repellent currently 
available in the market. DEET based synthetic mosquito repellents cause irreversible damage on ecosystem since they contain 
chemicals which are non-degradable in nature [8, 9]. Insecticides made from the combination of different artificial substances 
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are toxic and affect the environment by making the soil, water and air undesirable [10]. Local leaves’ oil extracts especially 
Mentha spicata have been reported by various researchers as a good mosquito repellent and possess antimicrobial activity [4, 
7, 11, 12, 13, 14, 15, 16]. 
Considerable research efforts have proved that essential oil compounds like Tulsi, Clove, Garlic, Kapoor kacheri, Lemongrass 
and their derivatives possess effective mosquito repellents’ property [17,18]. Essential oil and leave extract may be a substitute 
to synthetic insecticides because they are eco-friendly, effective, easily biodegradable and inexpensive [10]. 
Hyptis Sauveolens 
Hyptis is a genus of flowering plant in the Lamiaceae family. Hyptis is popularly known as bush mints, which are broadly 
spread in the tropics and warmer regions of the Americas. There are over 300 species, which may be annual or perennial, and 
small herb to large shrub [4]. 
Mentha spicata 
Its English name is Spearmint which is 30–100 cm long and is described by its strong odour [19, 20]. It is known for its 
distinctive smell which makes it very useful as flavouring for foods. It is also commonly used as an indigenous herbal remedy. 
Mentha spicata’s leaves are used as tea infusions and spicing. Its oil extract is used to treat several diseases [21].  
Cymbopogon citratus 
Cymbopogon citrates is popularly known as lemon grass. Other species are tall, coarse grass with a strong lemon taste. It is a 
perennial herb widely cultivated in the tropics and sub-tropics, and it comprises of two different species; East Indian 
Cymbopogn flexuosus and West Indian, Cymbopogon citratus [22]. Cymbopogon is grown as an ornamental in many temperate 
regions with maximum height of about 1.8m and its leaves about 1.9cm widely covered with whitish blooms [7]. 
Cymbopogon citratus and Ocimum species have been broadly studied and used against mosquitoes. Cymbopogon plants have 
been locally used to repel mosquitoes in remote areas such as the Bolivian Amazon [23, 7]. The oil extract of Cymbopogon 
was discovered to produce the most viable and effective natural repellents in history [24]. [25] reported that Cymbopogon 
excavatus gave about 100% repellence for 2 hours, when it was studied in the laboratory against mosquitoes such as Anopheles 
spp, and its repellence decreased to 59.3% after 4 hours.  
Literature revealed several phytochemicals which exhibit harmful effects on mosquitoes and their larva [26]. Some 
phytochemicals present in the leaves’ oil extracts have been found to have antimicrobial, insecticidal and anticonstipative [27, 
28], antispasmodial and antioxidant properties [29]. 
The aim of this work was to get a substitute to chemical mosquito repellents available in the market by obtaining oil extracts 




        Fig. 1: Hyptis Sauveolens.                    Fig. 2: Mentha spicata plant                        Fig. 3: Cymbopogon citratus 
 
Materials and Methods 
Plant material 
Fresh leaves of the plants were collected and washed with distilled/deionized water. The leaves were air dried in a room for 
about two weeks.  
Figure 1 shows Hyptis Sauveolens plant, figure 2 shows the picture of freshly plucked leaves from Mentha spicata plant while 
figure 3 shows Cymbopogon citratus plants, respectively. 
Extraction process  
The Soxhlet extraction method was used with hexane as a solvent using method [11, 30]. The oil extracts were left to evaporate 
to be dried and stored in an airtight glass container until needed.  
Cream Formulation 
The method of [7] was used for the formulation of a cream/lotion, and the oil extracts of the three leaves (3) were added into 
the cream using various quantities.  
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Mosquito repellence test 
The mode of the adopted testing was the open room testing. Two different rooms were used: Rat house of the Department of 
Applied Biology and the Environmental laboratory in the Department of Chemical Engineering of Covenant University, Ogun 
State, Nigeria. The rat house and the environmental laboratory were studied at night and a large amount of mosquitoes were 
seen to be flying, this made the rooms suitable for the efficacy test of the leaves’ oil extracts. Four students were used as test 
subjects, with three (3) having different repellent concentrations on their hands and legs, while the remaining one was used as 
a control. 
Phytochemical analysis  
Qualitative phytochemical screening of the leaves of Hyptis Sauveolens, Mentha spicata and Cymbopogon citratus plant was 
carried out using [11] methods to test only for the presence of secondary metabolites.  
Results  
Table 1: Efficacy test result 
Active  
ingredient (ml) 
Oil extract from  
Hyptis Sauveolens 
Oil extract from 
 Mentha spicata 
Oil extract from 
Cymbopogon citratus 
0.2 Repelled mosquitoes 
 within 2 hours 
Repelled mosquitoes 
 within 1 hours 
Repelled mosquitoes 
within 1 hours 
0.4 Repelled mosquitoes 
 within 4 hours 
Repelled mosquitoes 
 within 2 hours 
Repelled mosquitoes 
within 2-3 hours 
0.6 Repelled mosquitoes 
 within 7-8 hours 
Repelled mosquitoes 
 under 4 hours 
Repelled mosquitoes 
within 4-5 hours 
 
Control: Mosquitoes were seen gathering around immediately. 
 
Table 2: Phytochemical screening analysis 
Phytochemical 
Components 
Oil extract from 
Hyptis Sauveolens 
Oil extract from 
Mentha spicata 
Oil extract from 
Cymbopogon citratus 
Tannins + + + 
Terpenoids + + + 
Flavonoids + + + 
Glycosides + - - 
Phenols + + + 
Steroids + + + 
Saponins + - + 
Anthraquinones - - + 
Alkaloids + + + 
NOTE: + = present - = absent 
 
Table 3: GC/MS Analysis 
Oil extract of 
Hyptis Sauveolens 
Oil extract of Mentha spicata Oil extract of 
Cymbopogon citratus 
Sabinene Carvone Carvone 
Limonene Neophytadiene Citral 
Biclyclogermacrene Hexadecanoic ac1d, methyl ester Geranial 
β - phellandrene 9,12,15-octadecatrieno1c acid Neral 
1,8 - cineole Dihexylcyclopropene   Myrcene 
 Phytol    
 
Discussion 
Table 1 shows that, the higher the amount of the extract incorporated into the cream, the longer the time for which mosquitoes 
were repelled. Therefore, it was observed that the lowest amount of the extract in the cream which was 0.2 ml repelled 
mosquitoes within 1 hour before they were seen coming near the target in both oil extracts of Mentha spicata and Cymbopogon 
citratus, but repelled for about 2 hours in the oil extract of Hyptis Sauveolens. In 0.4 ml of extracts of the three leaves, Hyptis 
Sauveolens also had the highest repellence period followed by Cymbopogon citratus. The highest amount of extract 
incorporated into the cream/lotion which was 0.6 ml repelled mosquitoes within 4 -5 hours in both Mentha spicata and 
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Cymbopogon citratus, while the highest repellence in all was observed in Hyptis Sauveolens with repellence period of up to 8 
hours. Previous research works have been carried out on using local leaves as a substitute to synthetic mosquito repellents [4, 
7, 13, 14, 15, 31].  
The phytochemical screening of the three local leaves indicated that they all had tannins, steroids, flavonoids, terpenoids, 
phenols and alkanoids, while glycosides were only discovered in the oil extract of Hyptis Sauveolens. Saponins were 
discovered only in the extract of both Hyptis Sauveolens and Cymbopogon citratus. While anthraquinones were only indicated 
in Cymbopogon citratus. Plant extracts and phytochemicals are good sources for controlling mosquitoes because of their 
efficiency, easy biodegradability, eco-friendliness, and may even be applied to mosquito breeding places [32, 33]. 
GC/MS Analysis 
The most abundant composition in the oil extracts were listed in table 3 above. Carvone was found in both extracts of Mentha 
spicata and Cymbopogon citratus as the most abundant composition, while citral was the most abundant in the extract of 
Hyptis Sauveolens’s leaf. 
Carvone is known to be a member of a family of chemicals called terpenoids. Carvone is naturally found in many essential oil 
extracts, but is the most abundant in the oils from seeds of caraway and spearmint. Limonene is a solvent with a good scent 
which naturally occurs in the rind of citrus fruit. 3,7-dimethyl-2,6-octadienal or lemonal (Citral) is either a pair, or a mixture 
of terpenoids with the molecular formula C10H16O. These two compounds are double bond isomers. The E-isomer is known 
as geranial (citral A). The Z-isomer is known as neral (citral B). 
 Sabinene is a naturally occurring bicyclic monoterpene with the molecular formula C₁₀H₁₆. It is frequently found in essential 




It can be seen from this study that local leaves can be used as a substitute to non-degradable and carcinogenic synthetic 
mosquito repellents since they have insecticidal properties. Oil extract of Hyptis Sauveolens had the highest repellence activity 
out of the three (3) tested leave oil extracts. The produced mosquito repellent cream/lotion possesses repellence characteristics 
against mosquitoes. The results from the efficacy test revealed that natural insect repellents obtained from the plant extracts 
tend to provide coverage for a shorter time. Because of their shorter protection time, natural repellents are ideal for short 
evening outdoor activities like walking the dog, reading in an open space, classrooms, watering the garden and barbecuing. 
This study confirms and reaffirms the possibility of using indigenous Nigerian plants’ oil extracts with insecticidal properties 
for the control of Mosquitoes.  
Acknowledgements: The authors appreciate the partial sponsorship of Covenant University.  
References 
1. Govindarajan, M., Sivakumar, R., Rajeswari, M., Yogalakshmi, M.G., Chemical composition and larvicidal activity 
of essential oil from Mentha spicata (Linn.) against three mosquito species, Paras. Res., 2012, 110:2023-2032. 
2. Beena, J.B., Comparative analysis of larvicidal activity of essential oils of Cymbopogon flexeous (Lemon grass) and 
Tagetes erecta (Marigold) against Aedes aegypti larvae. Eur. J. Expt. Bio., 2013, 3(5), 422-427. 
3. Anuradha, K., Unmesh, K., Ashwini, D., Dhurde, S.S., Veena, D.,  Shrikhande, B.K., Formulation Development 
and Evaluation of Cream Containing Natural Essential Oils having Mosquito Repellent Property. World J. 
Pharm. & Pharm. Sci., 2016, 5(8):1586-1593                                                                                                                                                      
4. Ojewumi, M.E., Owolabi, R.U., The effectiveness of the extract of ‘Hyptis Sauveolens’ leave (a specie of effinrin) 
in repelling mosquito. Trans. J. Sci. & Tech., 2012, 2(8):79-87. 
Modupe Elizabeth Ojewumi et al, 2018 
Pharmacophore, 9(2) 2018, Pages 1-6 
5. Laura Salvia-Trujillo, M., Alejandra, Rojas-Graü, Robert, Soliva-Fortuny, Olga, M.B., Impact of microfluidization 
or ultrasound processing on the antimicrobial activity against Escherichia coli of lemongrass oil-loaded nano-
emulsions. Food Control. 2014:292–297. 
6. Ansari, M.A., Razdan, R.K., Relative efficacy of various oils in repelling mosquitoes. Indian J. Malariol., 1995, 
32:104–111 
7. Ojewumi, M.E., Banjo, M.G., Oresegun, M.O., Ogunbiyi, T.A., Ayoola, A.A., Awolu, O.O., Ojewumi, E.O., 
Analytical investigation of the extract of lemon grass leaves in repelling mosquito. Int. J. Pharm. Sci. Res., 2017a, 
8(5):2048-2055. 
8. Fradin, M.S., Mosquitoes and mosquito repellents: a clinician’s guide. Ann. Int. Med. 1998, 128:931-940. 
9. Klun, J.A., Khrimian, A., Rowton, E., Kramer, M., Debboun, M., Biting deterrent activity of a deet analog, two 
DEPA analogs, and SS220 applied topically to human volunteers compared with deet against three species of blood-
feeding flies. J. Med. Entomol., 2006, 43:1248-1251. 
10. Govindarajan, M., Mathivanan, T., Elumalai, K., Krishnappa, K., Anandan, A., Ovicidal and repellent activities of 
botanical extracts against Culex quinquefasciatus Aedes aegypti and Anopheles stephensi (Diptera: Culicidae). 
Asian Pac. J. Trop. Biomed., 2011, 1:4348 
11. Ojewumi, M.E., Adedokun, SO., Omodara, O.J., Oyeniyi, E.A., Taiwo, O.S., Ojewumi, E.O., Phytochemical and 
Antimicrobial Properties of the Leaf Extract of Mentha Spicata and its Efficacy in Repelling Mosquito. Inter. J. 
Pharm. Res. & Allied Sci., 2017b, 6(4):17-27. 
12. Zaidi, S., Dahiya, P., In vitro antimicrobial activity, phytochemical analysis and total phenolic content of essential 
oil from Mentha spicata and Mentha piperita.    Inter. Food Res. J., 2015, 22(6): 2440-2445. 
13. Mirghani, M.E., Liyana, S., Parveen, J., Bioactivity analysis of lemongrass (Cymbopogan citratus) essential oil. 
Inter. Food Res. J.  2012, 19(2), 569-575.  
14. Mgbemena, I.C., Opara, F.N., Ukaoma, A., Ofodu, C., Ogbuagu, D.H., Prophylatic Potential of Lemon Grass and 
Neem as Antimalarial Agents. J. Ame. Sci.                                                                                                                 2010, 
6(8):20-26  
15. Bassole, I.H.N., Lamien-Meda, A., Bayala, B., Obame, L.C., llboudo, A.J., Franz, C., Novak, J., Nebie, R.C., Dicko, 
M.H., Chemical composition and antimicrobial activity of Cymbopogon citratus and Cumbopogon giganteus 
essential oils alone and combination. Phytomed., 2011, 18:1070-1074. 21. 
16. Adeniyi, B.A., Ayepola, O.O. The phytochemical screening and antimicrobial activity of leaf extracts of Eucalyptus 
camaldulensis and Eucalypyus torelliana (myrtaceae). Res. J. Med. Plant. 2008, 2(1):34-38. 
17. Kokate, C., Purohit, A.,  Gokhale, S., Pharmacognosy, Nirali Prakashan, 2005, 33: 349-351 
18. Nadkarni, K., Indian Materia Medica; Bombay Popular Prakashan; I. 1998; 865. 
19.  Kordali, S., Kotan, R., Mavi, A., Cakir, A., Ala, A. and Yildirim, A., Determination of the chemical composition 
and antioxidant activity of the essential oil of Artemisia dracunculus and of the antifungal and antibacterial activities 
of Turkish Artemisia absinthium, A dracunculus, Artemisia santonicum and Artemisia spicigera essential oils. J.  
Agric. & Food Chem., 2005, 53: 9452-9458. 
20. Thamarai, S., Poovizhi, K.J., Dr Senthi, V., Kumar., Study on the Phytochemical Analysis and Antioxidants, 
Antimicrobial Activity of Medicinal Plants against Fish Pathogen. J. Med. Sci. & Clin. Res., 2015, 3(10):7778-7799. 
21. Kil, J. P., Zdenka, V.,  Fernando, P., Reis, B., Evaluation of drying parameters and desorption isotherms of garden 
mint leaves (Mentha crispa L.). J. Food Eng., 2002, 51(3):193-199.  
22. Reische, D.L., Antioxidant in food lipids. Chemistry, Nutrition and Biotechnology, New York: Marcel Dekker, 
1998:423448. 
23. Adegbegi, J., Ademuyiwa, K., Ogunyemi, Y., Olamide, O.O., The Effects of Cymbopogon Citratus (Lemon grass) 
on the Blood Sugar Level, Lipid Profiles and Hormonal Profiles of Wistar Albino Rats. Merit Res. J. Med.  & Med. 
Sci., 2015, 3(6):210-216. 
24. Baldacchino, F., Tramut, C., Salem, A., Liénard, E., Delétré, E., Franc, M., Martin, T., Duvallet, G., Jay-Robert, P., 
The repellency of lemongrass oil against stable flies, tested using video tracking. Parasite, 2013, 20-21. 
25. Michiko, K., Rieko, N., Yoshie, T., Kazuyuki, H., Saori, T., Hiroyasu, I., Citral, a component of lemongrass oil, 
activates PPARα and γ and suppresse COX-2 expression. Biochimica et Biophysica Acta. 2010, 1801:1214-1220. 
26. Samidurai, K., Jebanesan, A., Saravanakumar, A., Govindarajan, M., Pushpanathan, T., Larvicidal, ovicidal and 
repellent activities of Pemphis acidula Forst. (Lythraceae) against filarial and dengue vector mosquitoes. Acad. J. 
Entomol., 2009, 2(2):62-66. 
27. Edeogo, H.O., Okwn, D.F., Mbaebie, B.O., Phytochemical constituents of some Nigerian medicinal plants. Afri. J. 
Biotechgnol. 2005, 4(7): 685-688. 
28. Bisset, N. G., (Ed.) Herbal Drugs and Phytopharmaceuticals. CRC Press, Boca Raton, FL, 1994. 
29. Tamilselvan, P., Chinnasamy, R., Devarajan, N., Larvicidal, pupicidal and adulticidal potential of Ocimum 
gratissimum plant leaf extracts against filariasis inducing vector. Intern. J. Mos. Res., 2015, 2 (2):01-08 
Modupe Elizabeth Ojewumi et al, 2018 
Pharmacophore, 9(2) 2018, Pages 1-6 
30. Ojewumi, M.E., Eluagwule, B., Ayoola, A.A., Ogunbiyi, A.T., Adeoye, J., Emetere, M.E., Joseph, O.O., 
Termiticidal effects of African locust bean (Parkia biglobosa) seed oil extracts. Inter. J Cur Res. 2017c, 9(6):53929-
53934 
31.  Jareerat, A., Suneerat, A., Chantana, A., Suwimo, T., Watcharee, K., The effect of lemongrass oil and its major 
components on clinical isolate mastitis pathogens and their mechanism of action on Staphylococcus aureus DMST 
4745. Res. in Vet. Sci., 2011, 91: e31-e37. 
32. Sukumar K, Perich MJ, Boobar LR., Botanical derivatives in mosquito control: a review. Journal of American 
Mosquito Control Association 1991, 7:210–237. 
33. Hostettmann K, Potterat O., Strategy for the isolation and analysis of antifungal, molluscicidal and larvicidal agents 
from tropical plants. Phytochemicals for pest control, 1997, 14-26, DOI: 10.1021/bk-1997-0658.ch002. 
 
